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Realising the importance of innovation as a driving force for achieving its twin
green and digital transition, European research and innovation policy (R&l
policy) has taken a turn towards a more transformative approach, aiming at
steering innovation efforts in support of these goals, both at the level of its
countries and regions as at the EC level. The two latest EC-RTD reports on
Science, Research and Innovation Performance in the EU (SRIP2020 & 2022)’
stress the need for long-term directionality to tackle EU grand towards
transformative, mission-oriented innovation policy to tackle EU grand
challenges. The EU’s research program Horizon Europe took a more impact-
oriented approach than past programs, with its Missions program most
exemplifying this new approach (SRIP (2022)). Furthermore, administrations in
Member States have been working more closely together in public-public
partnerships (such as ERA-NETs, Article 185 initiatives, and Joint
Programming Initiatives) to jointly address global challenges. Also, in its 2020
communication on a new European Research Area (ERA)? the European
Commission (EC) acknowledged that a new transformative R&l policy
framework is required to achieve sustainable development for all.  The new
ERA strategy calls for a stronger prioritization of investments to lead the way
towards the green and digital transitions of Europe’s society and economy.

A key feature of a transformative R&l policy is indeed directionality, i.e.,
promoting targeted funding for R&l projects and infrastructures contributing "to
a particular direction of transformative change” within a defined system whose
objectives are clear and can be monitored in its transition towards an end goal
(Scordato et al. 2022; Weber and Rohracher 2012).

With a transformative R&l policy being recognized as an important component
of EU’s twin digital and green transition ambitions, and with directionality
towards EU’s objectives a key feature of transformative R&l policy, an analysis
of the directionality dimension in R&I policies in the EU is an integral part for
building an evidence-base supporting the deployment of transformative R&l
policies, in line with EU priorities.

The purpose of this report is to propose a framework on how to collect
evidence on the use of directionality in national R&l systems in the EU. With a
better evidence base on how directionality in EU Member States R&I policies is
addressed, the report will provide some recommendations on what can be done
at EU level, to improve the assessment of directionality in national R&l
programs. A better evidence base on directionality is not a sufficient, but a
necessary step for assessing whether the EU’s transformative R&l policy is

1 EC-DGRTD, Science Research and Innovation Performance of the EU, 2020; 2022;
2 EC, Commission Staff Working Document, A new ERA for Research and Innovation, 2020.



capable to leverage innovation as a driving force for achieving its societal
challenges, most notable its twin green and digital transition.

Section 2 first gives a brief overview of the state of play in the literature on
directionality as feature of transformative R&I policies. As the purpose is to
identify trends over time in directionality and differences in directionality
between Member States and to compare trends in the EU with other countries
and regions, we first, in section 3, identify the directionality of public R&l
budgets in a macro-perspective, using large scale datasets which are
consistently collected and comparable over time and countries. The
OECD/EUROSTAT collected GBARD (Government Budget Allocations for
R&D) series is a major dataset for this purpose. To obtain more insights in the
process how Member States design and implement the directionality of their
R&I portfolio of programs, section 4 dives into the micro-level, looking in more
detail at specific programs and how directed they are designed. We do this for
the case of Flanders. Section 5 concludes with lessons learned from the
combination of a macro- and micro perspective, providing recommendations for
developing a taxonomy framework for assessing the directionality of R&l
policies in the EU and beyond.

It has been widely recognized that Research & Innovation (R&I) in its various
forms has a crucial role to play for tackling societal challenges. Yet, innovation
does not necessarily happen where it is socially desirable. Nelson’s (1962)
“The rate and direction of inventive activities”, was precisely an invitation to
think of innovation policy in terms of the dichotomy between its rate and
direction. Some policies can address the rate of innovation within the entire
economy, while others need to address the rate in a certain direction of
invention and innovation The funding lever can be used to steer the scholars’
research agendas toward addressing societal challenges. However, using this
lever to direct is not without risks, with policy potentially failing to direct socially
optimally. To what extent are directionality failures perceived as clear sources
of potentially serious harm for innovations within the domain where innovations
need to be accelerated? What is the capacity of the government to establish a
policy process for establishing innovation priorities and for developing an action
plan that will minimize the risks and costs of possible failures?

With the sustainability challenge as societal challenge (but not exclusively), it is
increasingly clear that this requires more than directing, it also requires dealing
with the transformative change needed. Technology-specific policies, i.e.
policies focused on the development, diffusion and use of particular
technologies (Jacobsson and Bergek, 2011) may not be a sufficient basis for
broader transformation oriented innovation policies, required to address the
sustainability challenge (Mowery et al., 2010). The policy rationale of
‘transformative research and innovation policy’ suggests that research and
innovation (R&I) should also foster the transformation of complex socio-



technical systems so that current forms of production and consumption become
environmentally, economically, and socially sustainable.

Weber and Rohracher (2012) propose a comprehensive framework for devising
R&I policies for transformative change that draws on a combination of classic
market failures, structural system failures and transformational system failures.
These are not contradictory but rather complementary orientations and the
challenge for policies is to combine them. When policies need to address
beyond the classic market and systems failures, also transformational system
failures, Weber and Rohracher (2012) call for policies to have a higher need
for directionality, a higher need for demand articulation (e.g. procurement),
more policy coordination and more reflexivity (Monitoring & Evaluation (M&E)).
As the path of transformative changes is long-term, uncertain yet urgent, this
requires a continuous monitoring with respect to progress towards the
transformation goals and evaluation of the selected directions. Monitoring and
evaluating transformative R&l policies on their effectiveness and efficiency,
requires a reliable evidence base on R&l policies chosen and their
characteristics.

Haddad et al (2022) reviewing the literature on Transformative Innovation
Policy (TIP), derive a set of common characteristics identified in the literature.

e TIP is increasingly being oriented towards addressing “grand
challenges”, challenges such as those presented in the 2015 Lund
Declaration, the Paris Agreement, and the United Nations Sustainable
Development Goals (SDGs) (Schot and Steinmueller, 2018).

e TIP needs a more varied and complex set of policy instruments to
address these grand challenges.

e In order to address a wider social agenda, a broader set of actors need
to be involved than usual.

e The level of TIP interventions should consider all levels of governance,
i.e., local, regional, national and international.

e The TIP literature also clearly identifies that TIP needs a clear direction.

Borras and Schwaag Serger (2022) identify three layers for transformative R&l
policies to work, which need to be sufficiently nested. These three layers are:

e governance (directionality and experimentation/risk-taking),
e coordination (policy mix embeddedness, cross-agency collaboration),

e project measures (epistemic boundary spanning, stakeholder
engagement, flexibility of funding, project clustering).



Overall, the TIP literature identifies that transformative R&I policies are
intrinsically associated with directionality. Directionality can be defined as the
focus on problem identification with the intention of contributing actively to the
transformation of socio-technical and innovation systems in a holistic way
(Borras and Edquist, 2019). With directionality as an important dimension of
governance of transformative R&l policies, Borras and Schwaag Serger (2022)
argue that it should be sufficiently nested with the other layers in order to fit
with the policy mix of instruments, the cross-agency coordination and the
clustering of projects into portfolios. Single policy instruments are not sufficient
to provide the necessary guidance and direction to innovation for
transformative change; policy mixes and a portfolio of instruments are needed
to address the likelihood of directionality failures at different levels of
intervention.

Haddad et al (2022) identify a somewhat different perspective on directionality
between the transition-oriented notion of directionality and the one used by
mission-oriented policy analysts. In the transitions-oriented notion of
directionality, the role of policy is described in terms of identifying a portfolio of
“acceptable development paths” in a situation where there is a risk of little
consensus over the direction a transition should take, i.e., directionality failure.
New solutions are developed from the bottom-up in “niches”, where more top-
down policy interventions may be needed to nudge and address the
directionality failure. In contrast, the missions-oriented policy literature uses
pre-defined missions that are supposed to be well defined, measurable and
time-bound. It is these chosen missions that define the direction, and policy is
then used to tilt the “playing field” in the direction of the desired goals (Kattel
and Mazzucato, 2018). However, also in mission-oriented policy, the process of
selecting solutions can involve a more bottom-up approach in which space for
contestation and adaptability need to be created (Kattel and Mazzucato, 2018).
Along the way, these solutions might either fail or need to be adjusted in order
to reach the mission’s expected outcome (Mazzucato, 2018).

Despite the higher need for monitoring and evaluating R&l policies for
transformative change (Weber Comparing four Grand Challenge-oriented R&l
programs from the Nordic countries, transformative R&l policies are happening
in different European countries, as well as the features that help explain
possible different trajectories in implementing transformative innovation policy
in Europe, including the directionality dimension.

Casula (2022) uses an institutional approach with a dynamic path dependency
perspective, to compare how transformative change is happening in two
Member States (France and Germany). It illustrates the difference between
both countries in the policy mix adopted to address grand challenges and the
type of governance mechanisms used, rooted in their different path-dependent
institutional contexts.



Scordato (2021) looked at the bio-economy programs in the four Nordic
countries. Based on a review of policy documents and interviews with policy
experts, Scordato (2021) does not empirically assess the directionality
dimension, but more broadly the transformative dimensions of these programs.
The analysis finds that while a transformative approach is present in the
ambitions at the policy strategy level, the policy instruments actually
implemented are significantly less transformative than their ambitions.

Borras and Schwaag Serger (2022) test their nested three-layer framework for
transformative R&l policies on four Grand Challenge-oriented R&l programs
from the Nordic countries. They find huge heterogeneity in characteristics of
these programs across the three layers. Their findings, in line with Scordato
(2021), also show that, while all programs have individual transformative
elements, they only exhibit weak or medium degrees of nesting, which the
authors consider as key success factor for these policies and thus highlighting
the need for monitoring and evaluating program performance. More
specifically on directionality, the authors find substantial differences in the
degree and implementation of directionality across the four programs.

The Norwegian Pilot-E is a relatively small funding scheme anchored to a larger
ambition to strengthen the ability of the Norwegian research system to tackle societal
challenges and to transition the economy away from its dependence on fossil fuels.
Pilot-E displays clear directionality through thematic calls targeting specific
challenges. The logic of Pilot-E is to define specific missions in the field of green
energy technologies. Examples of thematic calls are ‘zero-emissions maritime
transport’ or ‘zero-emissions construction and facilities.

The Danish GS program focuses on creating commercial value and wider social
value creation, transforming production and consumption systems, to mitigate climate
change. The directionality of the program is rather top-down, with 80% of the calls for
very specific themes, inspired by a catalog of research priorities from the Danish
Government (Research2025).

The Flagship Program of the Academy Finland, launched in 2018, requires that its
flagships target ‘sustainable solutions to societal challenges and advancing economic
growth’. It is an example of limited directionality. Following three rounds of
applications between 2018 and 2020, ten flagships were selected covering very
diverse areas. The last four flagships show an increasing orientation toward
addressing specific areas of grand challenges.

The Swedish Challenge-Driven Innovation program (CDI) is designed to support
collaborative initiatives seeking to provide solutions to grand challenges and thus
contribute to the UN’s Sustainable Development Goals (SDGs) as defined in Agenda
2030. The program has a strong bottom-up and nonprescriptive character—
encouraging stakeholders to identify challenges they wish to address within an
overall framework set by Agenda 2030.

Borras and Schwaag Serger (2022)’s analysis of the 4 Nordic cases identifies
an important heterogeneity in the top-down versus bottom-up definition of



directionality. In the Danish and Norwegian programs, the problems are
formulated rather specifically by a small number of policymakers, while the
Finnish and Swedish rely more on bottom-up and stakeholder involved
processes of deriving missions. This relates to a more general debate in the
literature on whether governments have all the information and capacity to
select the program areas to tackle societal challenges. ‘The higher the
contestation, complexity, and uncertainty of the problem underlying a particular
challenge, the higher its wickedness and the more difficult it might be for
(innovation) policy to derive legitimate, clear, and well-informed missions from
it (Wanzenbock et al. 2020). This touches on another long-standing debate
on the trade-off between top-down or bottom-up and the broader issue of
relevance of science. On the one hand, defining a strategic orientation for
research to societal challenges, with societal merit or impact included as a
criterion for the decision of allocating funding, responds to society’s demand for
socio-economic returns on research investments. On the other hand, setting
priorities for research is contested by scholars who believe that autonomy and
freedom to choose the research questions to address are unavoidable
characteristics of any research endeavor. Tensions between the societal
relevance of research work and research autonomy are at the core of on
ongoing debate on how to reconcile the policy makers’ request for relevant
research, and the need of scholars to maintain their autonomy and freedom of
research (Foray (2019)).

Overall, the literature endorses directionality as a central component for
transformative R&l policies but highlights the challenges of implementing
directionality when deploying policy instruments in a transformative R&l
perspective. Despite the need for monitoring and evaluation identified as a key
component of transformative R&l policies, the literature remains as yet very
thin on empirical evidence and analysis on successes and failures in
directionality and their key drivers. Still missing are directionality data and
studies on large scale, which are needed to uncover the heterogeneity of
relevant dimensions to provide evidence for designing directed innovation
policies for transformative change.

In order to progress the evidence, based on directed research and innovation
policies to inform transformative R&l policy design, we start in this section by
looking at the macro-perspective on how public support budgets are spent,
directed or not, and trends therein across EU Member States. To be able to
compare across time and countries and directed areas, we use datasets which
are consistently collected and comparable over time and countries. The most
commonly used source for tracking public research investments are the
OECD/EUROSTAT GERD (Gross Expenditures on R&D) series. These series
do not necessarily cover the full R&l spectrum of support, being focused on
support for research and development investment.



GERD is the main aggregate statistic used to describe a country’s R&D
activities and covers all expenditures for R&D performed in the economy. It can
provide these statistics by each sector of performance: Business enterprise,
Government, Higher education and Private non-profit. It also compiles the
sources of funds: public or private, national versus international and this for
every sector of performance. It can thus provide the total amount of publicly
funded R&D investments, as least as reported by the recipient sector of
performance (Frascati (2015)).

The performer-based approach in GERD is to survey the resident units that
perform R&D (businesses, institutes, universities, etc.) in order to identify the
amount spent on intramural R&D performance in a reference year. It is then
possible to identify the portion of the intramural R&D expenditure funded by
government. The disadvantage of this approach for our purpose is that it takes
time for this information to become available and that R&D performers are not
necessarily able to link the government funding they receive to policy
objectives. The performer may be in the best position to identify how the funds
were effectively used (e.g., whether an expenditure is for an R&D or non-R&D
activity and the nature of the R&D (e.g., R versus D). Performers can also
identify the source of the funds used for their R&D, including the public funding.
They may however be less knowledgeable about the directionality of the
programs providing public funding.

Next to the OECD/EUROSTAT GERD statistics, the OECD/EUROSTAT also
provides the GBARD series (Government budget allocations for R&D). GBARD
takes a funder-based approach in contrast with the GERD performer-based
approach. This type of funder-based approach for reporting R&D involves
identifying all the budget items that may support R&D activities and measuring
or estimating their R&D content. Advantages of this approach include the ability
to (i) report significantly timelier government R&D totals since they are based
on budgets and (ii) to link the R&D totals to policy considerations, as it does
through its classification by socioeconomic objectives. It is basically the latter
characteristic that makes GBARD data particularly interesting to identify trends
in directionality of public R&D investments. This is why we discuss in detail the
GBARD data in this section and provide a brief analysis of the recent GBARD
data on trends in directionality of public R&D. We close this section by briefly
discussing other potential data sources for a macro-assessment of
directionality of public R&D.

3.1 Introducing Eurostat/OECD GBARD data

GBARD data (Government Budget Allocations for R&D) are derived from
national R&D budgets and are supplied by national statistical agencies via an
OECD/Eurostat coordinated collection. The Frascati Manual 2015 Guidelines
for Collecting and Reporting Data on Research & Development 2 provides in its

3 OECD (2015), Frascati Manual 2015: Guidelines for Collecting and Reporting Data on
Research and Experimental Development, The Measurement of Scientific, Technological



Chapter 12, an approach for measuring GBARD as much as possible
compatible with other international statistics, particularly GERD. The Frascati
Manual acknowledges that in order to meet its stated aim of collecting timely
data on funding that can be classified by socioeconomic objectives, data should
be collected from the funder rather than the performers’ perspective.

GBARD reflects budgeted amounts, not actual expenditures. Budget data can
be timelier than those derived from performer surveys. The most recent year
currently available of GBARD data is 2021. GBARD covers not only
government-financed R&D performed in government establishments but also
government-financed R&D in the other three national sectors (business
enterprise, private non-profit, higher education) as well as Rest of the World
(including international organisations).
The process essentially consists of identifying all the budget items involving
R&D and measuring or estimating their R&D content. GBARD data, as they are
derived from the budget, can be linked back to policy "objectives" or "goals".
Data are allocated to socio-economic objectives on the basis of intentions at
the time the funds are committed and not the actual content of the projects
concerned. These breakdowns reflect policies at a given moment in time.
The classification of government appropriations or outlays for R&D (GBARD)
recommended by Frascati by socio-economic objective (SEO) and used by
EUROSTAT, based on the level 1 NABS 2007 classification is:

1. Exploration and exploitation of the Earth,

2. Environment,

3. Exploration and exploitation of space,

4. Transport, telecommunication and other infrastructures,

5. Energy,

6. Industrial Production and technology,

7. Health,

8. Agriculture,

9. Education,

10. Culture, recreation religion and mass media,

and Innovation Activities, OECD Publishing, Paris, https://doi.org/10.1787/9789264239012-
en
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11. Political and social systems, structures and processes,

12. General advancement of knowledge: R&D financed from General
University Funds (GUF),

13. General advancement of knowledge: R&D financed from other sources
than GUF,

14. Defense.

NABS category 12: General University Funds covers the estimated R&D
content of "block grants" paid by government to the Higher Education sector.
These are typically undirected, with the higher education sector allocating
these funds to basic research, which is typically aimed at the general
advancement of knowledge, and therefore undirected. NABS category 13
Research programmes financed in view of the general advancement of
knowledge covers all those budget allocations that are earmarked for basic
research but which cannot be attributed to an objective and are financed by
sources other than GUF. NABS 12 & 13 can thus be considered as the
categories representing “undirectionality”. All the other NABS categories are
targeted or directed to specific “objectives” or “goals”.

The Frascati Manual 2015 (FM2015) provides in its section 12.4 guidelines for
allocating budget data to the NABS categories. It recognizes that it is not easy
to identify the content of the R&D and then correctly interpret how it relates to
the purpose of the project. For instance, a research project to develop fuel cells
to provide power in remote, hostile locations for the military, entirely financed
by the Ministry of Defense, is related to “energy” generation objectives, but its
primary objective is nevertheless “defense”. Frascati recommends that the
primary objective approach is used for the distribution of budget data to NABS
classes. As a consequence, the breakdown of total GBARD in NABS classes
assigns every budget item to only one NABS class. It does however recognize
that in principle, subject to information being available, budget items could be
assigned to a secondary or multiple socioeconomic objectives in order to
provide a more complete picture. Such an approach, which is unfortunately
currently not implemented, could provide a useful source of information for
conducting sensitivity analysis for specific objectives.

The FM2015 further contains a short description of each of the NABS
classification (see Annex). But it does not provide clear instructions on how
budget items should be allocated to their primary objective NABS classes.
EUROSTAT has developed a complementary set of guidelines developing
further details on specific issues for compiling EU harmonised R&D statistics*
(EBSMM2023). In its TOPIC 2, it addresses GBARD implementation issues. A
first important issue is different approaches by Member States to collect

4 EUROSTAT, EBS Methodological Manual for R&D Statistics - 2023 edition.
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GBARD data. EBSMM2023 acknowledges that different approaches are being
used to collect GBARD data. Among them, the most used are: (i) a government
budget analysis, (ii) a survey of potential public R&D funding institutions (i.e., a
regular, systematic collection of data from the relevant funding units), and (iii) a
combination of both. EBSMMZ2023 allows national statistical authorities to use
“any relevant data sources” “provided that the results comply with the quality
criteria. Nevertheless, it recommends direct data collection as the preferred
choice.

On the distribution of GBARD to the primary NABS classes, the EBSMM2023
regards using information on the institutional nature, mission and tasks of
GBARD-funding institutions or agencies, as well as those on their specific
actions or projects, as an effective method to gauge the GBARD flows by
NABS classes. First best is to use information on the nature and finalisation of
the R&D project(s) which the transfer is going to fund as reported in official or
semi-official documentation available from either the funding or the beneficiary
institution. If not applicable, EBSMM2023 recommends to use information on
the characteristics and the specialisation of the beneficiary institution, on
condition that such an institution would have a clear mandate to perform R&D
in a specific area (e.g. a flow of R&D funding from a ministry of defense to a
research center specialised in health R&D will have to be classified as
supporting NABSO07, Health, rather than NABS14, Defense). And finally, if both
approaches are not applicable, EBSMM2023 recommends using information on
the characteristics and the objectives of the funding institution if more specific
documentation should not be available (e.g., R&D funding from a ministry of
agriculture will have to be classified as supporting Agriculture R&D, NABSO08).
EBSMM2023 specifies that the share of GBARD classified in NABS 12 and 13
(general advancement of knowledge) needs to be kept as low as possible. The
use of these two categories can only be allowed for the following cases of R&D
funding by public institutions, i.e.:

e Financial resources transferred from a public institution to a higher
education institution for R&D purposes but without any, direct or
indirect, information about the sector/area/discipline the research
activity should be aimed at (NABS 12).

e Financial resources transferred from a public institution to a public or
private research institution (whose primary economic activity would be
research, for R&D purposes but without any, direct or indirect,
information about the sector/area/discipline the research activity should
be aimed at (NABS 13).

With its emphasis on advancing knowledge generally, the EBSMM2023
guidelines imply that NABS 12&13 only includes the untargeted basic research.
Undirected applied research and development, e.g. through subsidy programs
for bottom-up proposed company projects, would not be in NABS 12&13, being
constraints to HEI and PRO.

12



EBSMM2023 stresses the need for transparency on procedures used to
calculate the total GBARD and its distribution by socio-economic objectives
(according to the NABS classification). Procedures should be reported in detail
in the R&D Quality Reports supplied to EUROSTAT, which are publicly
available on the Eurostat website.

3.2 Analysing GBARD data

With GBARD data having the advantage of being an OECD/EUROSTAT official
cross-time and cross-country data series on timely government R&D totals
linked to policy objectives through its classification by socioeconomic
objectives, we use the recent version of GBARD data to check its use for
analysing trends in directionality of public R&D investments, more specifically
to address:

What share of the total public R&D budgets in EU Member States is
undirected? How directed are the EU Member States R&D public budgets to
specific goals and which goals? What are the trends? How does this
compare to non-EU OECD countries?

We use the most recent version of the series as downloaded on the
EUROSTAT website:

https://ec.europa.eu/eurostat/cache/metadata/en/gba esms.htm

GBARD statistics are currently available for EU Member States, EFTA
countries and Candidate Countries, Japan, the United States and South Korea.
Eurostat also calculates aggregates at the EU and level (27 EU Member
States). Eurostat's GBARD database contains national data from 1980
onwards. Most recent year is currently 2021.

What follows is a summary of the main findings. The Annex to this report
contains all supporting figures.

3.1.2 General trends in GBARD (see Figures 1.1-1.4 in Annex)
The total public R&D spending (GBARD) in euro are on a continuous growth
path in the EU. Expressed as a % of GDP, the trend is quite cyclical, but more
resilient in cases of decreases in GDP. Comparing the EU to other countries,
the data show:

e Japan, South Korea and Switzerland score higher,

e The UK is below EU average,

e The EU is on par with the US.
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This pattern is very much in line with the comparison based on public R&D
funding based on GERD (see eg EC-RTD-SRIP (2022) Chapter 3).

EU-Member States (MS) with an above EU average share in GBARD as % of
GDP are the innovation leading countries (DK, DE, NL, AT, FI, SE). In terms of
recent growth rates, the EU-MS with above EU recent growth rates include DE
and NL among the innovation leading countries, but Greece and ltaly score
also above average.

Shares and trends in shares of directed vs undirected GBARD (see
Figures 2.1-2.5 in Annex)

Using NABS 12 & 13 as undirected GBARD and all other NABS as directed,
provides the following results on shares and trends in shares of directionality in
total GBARD:

Both undirected and directed budgets have grown in EU-27 in terms of total
euro spent, leaving a quite stable share for undirected GBARD over time. With
an average share of 52,6% over the period 2004-2021, a minimum of 48,75%
was reached in 2008 and a maximum level of 57,02% in 2016. Undirected
GBARD has since 2016 declined somewhat, but nevertheless remains the
majority of public funding.

Comparing EU-27 to other countries, Switzerland stands out as being much
more undirected in its public R&D, with an average of 85% in the last 5 years,
although recently it also has a somewhat declining share. UK, Japan, South
Korea and US have a much lower share of undirected than the EU-27.

Zooming in on the individual EU Member States, there is some variance among
MS in share of undirected funding, but no strong differences. With the average
among MS of 60% in 2021, the standard deviation (STD) is 16. This leaves only
a few countries as outliers (i.e., being at least 1 STD away from the average).
Poland made a big jump in 2019, scoring in 2021 highest among MS (90%).
Also, some small MS (EE, HR, CY, MT) score substantially above EU average.
A few large innovation leaders are above EU average (>70%) (NL, AT, SE).
Outliers below EU average are IT, LV, EL, with HU scoring the lowest (24% in
2022). Also FR and BE score below EU average (<50%).

Trends in GBARD by target area (NABS Classes) (see Figures 4.2-4.14 in
Annex)

The major NABS classes for the EU are Industrial, Health and Space with
respectively 10.4%, 7.1% and 5.4% as share of GBARD (average over the
period 2005-2021). Energy represents on average 4.2% of EU-27 GBARD. In
general, there are only minor shifts over time among NABS classes. (See also
Fig 5.2-21 in SRIP (2023))
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Industrial takes up the largest share in the directed GBARD in the EU-27. It is
also high in South Korea and rising in Japan. Within the EU-27, the countries
with the highest share for Industrial are BE, IE, AT, Fl. EU-27 countries with a
low share for Industrial include FR, DK, SE, NL.

Health takes up the second largest share in the directed GBARD in the EU-27
(7%). But Health is nevertheless much smaller in the EU than in the US (28%)
and UK (20%), for whom Health is a much stronger priority in public R&D
funding. Within the EU-27, BE, FI, SE score below EU average. This might
seem at odds with the countries strength in biomedical sciences, but reflects
that the public support for this area runs mostly through the undirected NABS
12 & 13, for basic research. IT, ES, PT, HU, DK, LU score above EU average.

Space is larger in US and Japan than for the UK and the EU-27 (where it is
slightly increasing. Within the EU, space is more important for Belgium, France,
Italy, Spain and Hungary.

Energy represents a relatively small, stable share in the EU-27 GBARD,
around 4%. Energy scores higher in Japan and South Korea. Within the EU,
the countries with the highest share of energy in GBARD are FR, DE and
recently also DK. SRIP (2023) discusses in more detail public R&D for energy,
using the IEA statistics, which are broader than the GBARD, including beyond
R&D also Deployment. The Annex to this report discusses in more detail the
differences between GBARD and IEA data.

Environment is small and quite stable in the EU, it scores higher in Japan and
South Korea. Small MS are outliers on environment within EU-27, but with
highly volatile shares over time.

Transport and Telecom is small (3,2% in 2023) in the EU; It is higher in the
UK (8%), Japan (8%) and rising in South Korea. Within the EU-27, it is high in
FR (8.7% in 2021) and SE (5.35%) and rising in EL & HU. Germany has a low
share of its GBARD directed towards Transport & Telecom (2%), which is at
odds with the importance of the car manufacturing sector in the German
economy and the high share of private R&D in Germany in this sector.

Defense is large for the US and increasing but still only minor for the EU-27,
albeit slightly increasing (from 2.9% in 2016 to 3.9% in 2021). France has a
larger and increasing share for Defense. Defense is also more important in the
UK and Poland (but for the latter decreasing recently). SRIP (2023) has a more
elaborate discussion of the trends in Defense R&D in the EU-27.

Overall, the GBARD data paint the following picture on trends in directionality in
the EU-27 using GBARD:

o Most of GBARD is still undirected. The GBARD data does (not yet)

suggest a big shift towards more directed public support for R&D,
although the data does suggest more recently a modest shift towards a
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larger share for directed GBARD. But it is still too early to see this as
the start of a new trend towards more directed R&I policy.

e The most important areas for targeting in public R&D budgets in the EU-
27 are industrial, health and space, and these are quite stable. Again,
the GBARD data does not yet suggest big shifts towards the areas more
closely related to the twin green and digital transition.

3.3 Concluding comments on the use of GBARD for assessing
directionality

The fact that GBARD are part of the standard EUROSTAT controlled statistics
collection exercise assures consistent time series and cross section data for all
EU MS, Associated Countries and other non-EU countries. It allows for
consistent comparisons over time and across countries and regions. This
makes GBARD a potentially important quality source for assessing
directionality in public R&D budgets.

Although the numbers for EU-27 are typically an estimate, this is mostly
because of missing data from a few MS?®; DK is regularly an estimate. AT uses
somewhat different definitions. Switzerland does not provide as regularly
GBARD data as EU-MS and for the UK the most recent (last 2 years) are
missing.

The GBARD series display a strong consistency over time, both in terms of
total GBARD, but also in terms of GBARD by NABS class, which seems highly
stable over time. This could be partly due to the commonly used procedure for
allocating to NABS classes by MS, based on coefficients from previous
exercises. As these coefficients may not be regularly updated by the reporting
countries, the GBARD series may not be as time sensitive on trends in
directedness as could be possible (cf supra).

For splitting public R&D budgets in directed and undirected categories, using
the two NABS classes 12 & 13 for undirected budgets seems relevant, at least
when restricting “undirectionality” to basic research and the general
advancement of knowledge as the objective only. Treating all other NABS
classes as “directed” implicitly assumes that all applied research and
development is treated as being directed to specific outcomes, even if still
unspecified in terms of which specific outcomes. To uncover undirectionality for
applied research and development, such as for instance the general subsidy
programs for companies’ development projects at the initiative of the applying

5 Eurostat does not estimate missing national data but does estimate EU totals if a few countries
are missing, (but not the national data). If the national data carries the flag “e”, it means that
the data were estimated by the national authorities sending the data to EUROSTAT.
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R&D performer, typically in the “Industrial” NABS class, will require further
decomposing the NABS classes.

For the use of GBARD splitting into specific areas, using NABS classes, a
major issue is that budget items are only classified into one class, being their
primary, major class. Energy, Environment and Digital are most likely to suffer
from the allocation of budget items to only one NABS classification, as they are
most likely to be twinned with other categories (most likely Industrial).

The NABS classification seems in general a good and relevant level to link to
policy objectives. Energy, Environment, Health, Space & Defense are clearly
identifiable categories. Digital however is tangled into Transport &
Communication & Other Infrastructure. The Industrial part, which is the largest
NABS category for the EU, is quite general, including the general programs for
support for companies development projects across all sectors. Particularly
this category could benefit from more disaggregation, taking into account that
further disaggregation aggravates the supra mentioned problem of allocating
programs to unique classes.

Also, tax incentives play a key role in the policy mix for supporting business
R&D. According to the SRIP (2023), 6 out of 10 euros invested by governments
in supporting R&D was in the form of tax reliefs in the EU in 2019. In some
Member States (IE, IT, PT, MT, LI), tax incentives represent over or close to
80% of total government support for business R&D, while others (such as HU,
PL, SE) uses R&D tax incentives only to a limited extent, while offering
relatively high direct support to private R&D investments. Other Member
States have introduced R&D tax incentives only recently, such as Germany in
2020 and Finland in 2021. A few countries reported having special, temporary
or emergency tax relief provision for R&D in specific priority areas such as
green or energy related R&D (SRIP (2023)). GBARD only cover direct support
(in the forms of grants), but not indirect support. Foregone tax revenues are
not reported in GBARD. The use of GBARD thus excludes a substantial part of
public support for directionality analysis. Tax incentives are generally used as a
more market-based, non-discretionary alternative to direct support for R&l.
They would thus classify into the non-directed part of public support. Yet R&D
tax incentives can also be targeted to particular types of firms, industries or
activities. Targeted tax incentives can be motivated by evidence or the belief
that some groups of firms, such as SMEs and young firms, or technologies or
sectors, are more responsive to the policy objective for a given unit of financial
support and can thus be given a more favorable tax treatment.

Although in principle the directionality of the R&l tax credit instrument can be
identified from the programs, data are often not set up or made publicly
available to identify what is funded via tax incentives, what kind of research,
what areas, and even to know if it is R&D&I at all. Although little is still known
about the details for this type of public support, ongoing work in the OECD
MABIS/MARIAD/NESTI working group shows that most tax incentives are not
directed.

17



3.4 Other data sources for macro-analysis

In what follows, we briefly describe other potential data sources for identifying
directionality trends in public R&D in the EU. As the purpose is to identify
trends over time and between countries, we confine this section to large scale

datasets which are consistently collected over time and countries and therefore
comparable over time and countries.

3.4.1 EC-DG COMP State Aid Scoreboard Data
State Aid only covers the cases of public support where there are likely
implications for the level-playing field in the Internal Market, i.e. for support to
companies, in the form of subsidies to particular companies or support

programs. It covers support in function of various objectives, of which R&D&I is
one. The State Aid Scoreboard data are published by objectives, see Table 1.

Table 1: EC-DG COMP State Aid Scoreboard Data: by objectives.
Regional development

SMEs including risk capital

Sectoral development

Culture

Research and development including innovation
Training

Social support to individual consumers

Employment

Rescue & Restructuring

Compensation of damages caused by natural disaster
Agriculture, Forestry and Rural areas

Fisheries and aquaculture

Promotion of export and internationalization

18



Heritage conservation
Closure aid

Remedy for a serious disturbance in the economy

The State Aid Scoreboard only covers a share of all public R&l support by
Member States, namely the share that goes to companies as beneficiaries and
where there is a potential for distortion. Although it covers mostly grant
programs, R&D tax incentives programs can also be included. DG COMP
examines the programs/cases for R&D&l, following the State Aid Guidelines,
taking into account effectiveness, efficiency and proportionality, among others.
Their analysis considers whether the support is favoring certain actors which
might jeopardize the internal market level playing field. Although it examines
this specific angle of directionality in R&| support, as potentially distorting the
level-playing field, it does not look at other dimensions of directionality, like
support for particular areas, technologies or societal challenges. As the
database covers all areas of State Aid, also beyond R&l, it can also be used to
analyse the directionality of non-R&l support to policy objectives, such as state
aid for deployment and manufacture of technologies covering environmental
protection, energy savings, sectoral and regional development, agri- &
aquaculture, see Table 1.

Considering its restricted perimeter, the Scoreboard nevertheless does provide
information across all member states and across time on approved public R&D
grants for companies. In addition, DGCOMP also has the documents describing
the examined programs and cases. This large-scale database on programs and
cases covering the StateAid perimeter for public R&! funding in MS (ie support
for companies), could be used with text-mining algorithms to examine in detail
the degree and nature of directionality in the programs and cases within
DGCOMP’s perimeter.

3.4.2 GERD and CIS

Both GERD and CIS (Community Innovation Survey) data have the advantage
of being part of the regular cross-country cross-time statistics provided by
EUROSTAT/OECD on STI, serving a.o. for the Innovation Scoreboard data.
They are based on standardized surveys of recipients, using the Frascati resp
OSLO methodology.

These surveys, addressing the performers, rather than the funders, do not
provide direct information on the directionality of the funding. Nevertheless, a
classification of the sectors of the performers could give some information on
directionality towards particular sectors or type of actors, as one dimension of
the directionality, with the caveat that the information on the public support has
to be collected “bottom-up” from the recipients. For assessing directionality,
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collection from the “top-down”, from the funder, is the most natural one, as also
recognized by the Frascati manual, cf supra.

4.1 A micro-perspective for assessing directionality

To obtain more insights in how Member States design the directionality of their
portfolio of R&D&I programs, we will look in this section in more detail at the
specific programs and how they are designed. A micro-perspective will help to
improve and complement the GBARD macro-approach. This is fully in line with
the rationale of the GBARD data. Both FM2015 and the EBSMM2023 express
the need for a deep dive in the public programs as the basis to correctly
allocate budget items to NABS classes. A micro-level perspective of
directionality is not only important for improving the assessment of the quality
of the identification of directionality at the macro-level. It may also help to
improve how to design at the macro-level the measuring of directionality.

By better identifying directionality, and its different design dimensions, an
approach which combines a macro (cross country) approach with a deeper dive
harmonized micro approach per country, can thus contribute to a better
taxonomy of directionality. Such macro-micro based taxonomy should allow
better identifying trends in approaches to directionality and similarities and
differences between countries’ approaches to directionality, which can in turn
be linked to difference in performance of public R&D&I budgets, reaching policy
objectives.

For a micro-analysis to contribute to a better identification of directionality in
public budgets, it needs to be able to link public budget items to the
characteristics of the underlying programs and this in a way that can be
feasibly harmonized across countries. Identifying at a micro-level the various
programs and assessing them according to their degree of directionality into
which policy objectives, requires access to micro-level data of budget items and
knowledge on the characteristics of the various programs. An analysis on
performance effects, requires further identifying characteristics, such as
governance and fit into the policy mix, as identified by the literature as key
conditions for success (cf supra e.g., Borras & Schwaag (2021)).

Projects like the EU-OECD STIP Compass® in its ambition to systematically
collect R&l programs information and make it publicly accessible, can be an
important source of information for this micro-analysis.

SEU-OECD STIP Compass https://stip.oecd.org/stip/interactive-
dashboards/countries/EuropeanUnion
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STIP Compass is a joint initiative of the European Commission (EC) and
the OECD that aims to collect qualitative and quantitative data on national
trends in science, technology and innovation (STI) policy. The portal supports
the continuous monitoring and analysis of countries’ STI policies and seeks to
become a central platform for policy research and advice supporting government
officials, analysts and scholars. The data consists of self-reported descriptions of
(mostly) national STI policy initiatives, collected through the biennial EC-OECD
STI Policy survey of (mostly) government ministries.

While the EC and OECD strive towards a harmonised approach for reporting
policy initiatives, countries still vary in the ways they report their STI policies.
Some countries have provided complete and detailed information on their
policy initiatives, others less so. Another issue with the STIP Compass is its
poor link between programs and budgets. At this stage, the STIP compass is
not yet comprehensive and standardized enough across time and
constituencies, to be deployable for a cross-country over time analysis of
trends in directionality in public R&D programs. It can however be useful to
provide complementary information on program characteristics for a micro-
assessment exercise. In a similar vein, the R&l Policy Support Facility” can be
useful source of complementary information on program characteristics for a
micro-assessment exercise.

4.2 A micro-analysis of public R&I budget items: Flanders as case
study.

In this section we use Flanders as a case study for a micro-level analysis of
public R&D budget items, allowing to dig deeper into classifying them into
different dimensions of directionality and in a fashion that should allow for
cross-country application and thus harmonization. In line with Casula (2022),
who stressed the importance of the institutional context of a country’s R&l
system and its path-dependency to better understand transformative innovation
policies and how they will be designed differently and perform differently across
Member States, we first briefly sketch the Flanders region and its STI policy
ambitions (section 4.2.1), before we dig deeper into classifying budget items
(section 4.2.2 and 4.2.3).

4.2.1 Flanders STI Policy

Flanders is one of the three regions of Belgium. Belgium is according to the
latest (2022) Innovation Scoreboard an innovation leader, next to Denmark,
Finland, the Netherlands and Sweden. Its 2022 innovation performance score
is well above the EU average.

7 European Commission Policy Support Facility, https:/ec.europa.eu/research-and-

innovation/en/statistics/policy-support-facility
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Within Belgium and the EU, the Flanders region is an R&l stronghold. With an
R&D intensity of 3.6% in 2020 it scored well above the 3% R&I target as share
of GDP, and above Belgium (1.99%) and the EU (2.2%) (based on GERD
statistics). With respect to the 1% public funding target, Flanders sat in 2020
around 0.8% (with 2.55% for private funding) (based on GBARD). The Flemish
Government has set the ambition to reach the 1% public funding target. It also
has set itself the ambition to acquire a top five position among the most
innovative knowledge regions in Europe.

For R&l, the Flemish region has, within Belgium, the policy competence on
direct R&l support. It also has the policy competence for education, including
tertiary education. The federal Belgian government has the policy competence
for indirect R&D support (most notably, tax credits for R&D and patents,
parafiscal stimuli for R&D employees). The federal government also supports
the technology areas for which the federal level still holds the competence, i.e.,
nuclear, defense and space.

Flanders is also an important recipient of EU R&I public funds, with particularly
its universities being highly successful in EU’s FPs.

Traditionally, Flanders mainly had a non-directed R&l policy, both for
supporting basic research at universities (FWO and BOF) and applied research
and development at companies (VLAIO projects). These programs (FWO, BOF,
VLAIO projects) are still major budget items in its total public R&l budget
(GBARD). Yet, it also has made some top-down choices. It established
Strategic Research Centers (SOCs): IMEC (since 1984) for micro-electronics,
VIB (since 1995) for Biotechnology, VITO (since 1991) for clean tech, Flanders
Make (since 2014) for Industry 4.0. Since 2016, it has also initiated its cluster
policy with selected “spearhead clusters” and the innovative business networks
(IBNs) in areas not yet targeted by SOCs.

More recently, it has also added a number of smaller programs that have
mission features. There are the Flemish Policy Plan for Artificial Intelligence
(Al) (2019) and the Flemish Cybersecurity Policy Plan (2019), its Moonshot
'The Flemish industry carbon circular and low CO2 by 2050" (2019).
Furthermore, it is participating in the EU-IPCEI microelectronics (2018), electric
batteries (2019) and hydrogen (2021).

The policy memorandum EWI 2019-2024 expresses the intention for a more
mission-oriented innovation policy. The domains which are mentioned in the
Policy and Budget Explanation (BBT) for the policy area Economy, Science and
Innovation 2022 are digitalisation, sustainability and care. Based on a foresight
exercise (Vision 2050) it selected 7 transition domains: (1) circular economy,
(2) living, learning and working in 2050, (3) living together in 2050, (4) industry
4.0, (5) mobility, (6) climate and energy and (7) smart living. These domains
are all examples for an innovation policy that goes beyond a mission-oriented
innovation policy, requiring a broader transition innovation policy approach,
crossing policy domains. But for the moment, these identified transition
domains have no allocated budgets yet.
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In sum, while rooted in a strong bottom-up R&l policy approach, Flanders has
the intention to develop in the future a more mission oriented and
transformative innovation policy, balancing its portfolio of directed and
undirected instruments. It is thus a relevant case to be studied for the
directedness of its R&I policy.

4.2.2 Zooming in on the GBARD exercise for Flanders: Speurgids

The Speurgids series is an annual publication of the Department of Economy,
Science and Innovation (EWI) of the Flemish administration®. Through the
Speurgids series, it provides a regular analysis of the trends in total public
spending on R&l for Flanders, including an international comparison. To this
end, it uses GERD, CIS and GBARD data.

Flanders GBARD

The EUROSTAT GBARD data are only published at the country level, not the
regional level. The Flemish government is responsible for providing the GBARD
data for Flanders to the Belgian level. The federal CFSTAT coordinates the
integration of the regional GBARD data into the national Belgian GBARD data
for EUROSTAT.

Flanders represented in the latest 2022 Speurgids more than half of Belgian
GBARD (58%) with the federal government accounting for a fifth (19%) and the
other regions accounting for the remaining 22%. Flemish GBARD is composed
of three layers:

e Budget from the Flemish Government (incl budget for international programs),
o Flemish share in the Federal Budget,
e Flemish net share in the EU budget.

The Speurgids discusses each of these components. For the share of Flanders
in the Federal budget, the following distribution key is used: 35.5% for ESA
(Source: VRWI) (Nuclear and Defense, the other federal competence areas
have virtually no public R&l budgets), and 56% for the rest of the federal R&D
government credits. These percentages are decided in coordination with the
federal level and other regions (CFS/CFStat).

For the Flemish net share from EU budgets, these numbers are not part of the
GBARD (cf supra). But they are nevertheless reported in the Speurgids. EWI
uses as input the evaluations it does for each Framework Program on what the

8 https://www.ewi-vlaanderen.be/speurgids
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returns are for Flanders. The thematic Horizon 2020-directed programs mainly
fall under the ‘Societal Challenges’ pillar (total 29.7 billion euros) (domain-
specific in response to a challenge) and 'Industrial Leadership' (17 billion
euros) (domain-specific), while free research sits under the pillar 'Excellent
Science' (total 24.4 billion euros). Based on the Flemish share in the Horizon
2020 program (2014-2020), approximately 35% of the resources that Flanders
receives fall under the Excellent pillar Science and are thus considered
thematically free. The pillars of Horizon Europe (2021-2027) are not completely
comparable to that of Horizon 2020 and the total budget is also larger, but the
budget of the pillar with thematic resources, 'Global Challenges' and 'European
Competitiveness' (53.5 billion) appears to have grown the most in relative
terms. This pillar also include the missions, with a budget of 1.89 billion euros
for 2021-2023. The other pillars are 'Excellent Science' (25 billion euros) and
'Innovative Europe' (13.6 billion euros). It's still too early to assess the
proportions of the Flemish share in the new framework programme.

Overall, Flemish GBARD expressed as % of its GDP stands at 0.84% in 2021,
which is substantially above EU average and higher than the Belgian share
(Speurgids (2022)). This is in line with the higher Flemish share of GERD as %
of GDP.

Indirect support

Indirect support is typically not included in the public R&D numbers following
Frascati. It is nevertheless an important policy instrument, also in Belgium (see
Fig 5.2-15 in SRIP (2022)) and in Flanders. Of all R&D expenditure of
companies in Flanders in 2017, 4% is subsidies, 14.5% (para)fiscal support
and 81.5% own funding (Speurgids (2022)), ie indirect support being almost 4
times larger than grants.

The indirect support is federal competence. It has grown substantially. It
doubled in size from 2016 till 2020. It is composed of the following items:

e partial tax exemption on the wages of researchers: 36%,

e tax deduction for income from patents: 41%,

e tax credit for R&D: 0.474 billion euros 15%,

¢ tax deduction for innovation income: 8%.

Especially the tax deduction for patents has increased over time.

As said supra, indirect support is not included in the analysis of decomposing
public R&l GBARD. Speurgids (2022) reports that indirect support is in Belgium

untargeted, indiscriminatory across institutions or firms. Yet, large firms in high-
tech sectors are overproportionally recipients. The large share of tax credits for
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patents, although not targeted to specific sectors or firms, is more important for
sectors and firms which are more patent-intensive.

Classifying Flemish GBARD by dimensions of directionality

The Speurgids also provides several analyses decomposing the total public
R&l according to various cuts of relevance for assessing the directionality of
public R&l.

i.  Split by financing ministry

A straightforward task within a budget exercise is to allocate the funding
depending on who is financing the program (see also FM2015 and
EBSMM2022). For Flanders, there are only 2 major ministries: EWI
(Economics, Science, Innovation) and OND (Education (which includes Higher
Education). They account in Flanders for resp 51% and 44% of the total
GBARD budget. Other ministries only account for 5%. Eg the budget from the
ENV ministry for R&l is confined to <2%. This follows from the decentralization
of policy competences to regions. While R&l and Education are regional
competence, Energy, Space, Defense, Health remain mostly a federal policy
competence.

ii.  Split by type of beneficiary/contractor

Speurgids provides a split into whether public research organisations &
universities versus companies are the principle contractors of the programs and
projects (see also FM2015 and EBSMM2022). On average 32% of the Flemish
GBARD reside with PRO&HEI versus 23% with companies. But the largest
share is hybrid: 45% This classification by type of beneficiary is a poor indicator
for directionality, as it leaves unidentified the extent to which the different types
of organisations are themselves setting directions and/or whether receiving the
funds comes with directions of use.

iii.  Split by NABS classes

Speurgids provides a split of the Flemish GBARD by a compilation of NABS
classes:

e General R&D: 28%
o General advancement of knowledge: R&D financed from other
sources than GUF
o GUF:20%
o General advancement of knowledge: R&D financed from
General University Funds (GUF)
e Economic 47%
o Transport, telecommunication and other infrastructures
o Energy
o Industrial Production and technology
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o Agriculture
e Health, Environment: 2%
o Exploration and exploitation of the Earth
o Environment
o Health
e Other (Societal) 3%
o Education
o Culture, recreation religion and mass media
o Political and social systems, structures and processes

NB: Defense and Space is federal competence in Belgium (cf supra)

This compilation of classes, particularly for “economic” has the disadvantage
that it loses the available more detailed information on targets. It reduces
however the problem of allocating programs specifically and exclusively to one
NABS class only, when it crosses multiple NABS classes within the same
aggregate.

A large share of the GBARD budget is for funding company project proposals,
which are across sectors, and therefor untargeted by sector, but nevertheless,
from a GBARD perspective targeted from being directed to commercialization.
The budget item of these VLAIO subsidies are classified into Economic,
explaining its large share in total FLA GBARD (cf infra).

iv.  Splitinto 6 major categories.

Most of the effort in the Speurgids is devoted to their own classification, which
combines a bit of all the categorization discussed supra. It uses the following 6
categories:

Non-targeted: 17%

Base funding of HEI: 43%

Research for the benefit of industry: 32%
Research Institutions: 6%

Policy Support Research: 7%
International: 1%

The first category is basically the “general R&D non-GUF” NABS class 13, but
only the part that goes to universities/HEl: FWO & BOF. This money is
allocated based resp on competition on excellence (FWO) and on KPIs that
include quantity and quality of research, patents, PhDs (BOF), but they are not
directed in terms of policy objectives.

The second, largest, group is the base funding for HEI. This is the GUF NABS
class 12, but not only the 25% share allocated to research, but the full amount,
i.e., including the 75% for teaching. It also extends beyond universities to other
HEI & PRO institutions.
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The third category “research for the benefit of industry” includes the subsidies
that go to firms, mostly from untargeted, general subsidy programs, but also
from more targeted program (such as the Moonshot Climate,
Al&Cybersecurity). It also includes the support for the SOCs (Strategic
Research Centers). These are IMEC, VIB, VITO, Flanders Make. Although they
are not corporates, with their research being less basic, but more applied for
industry applications, they are included in this category as well. And finally, this
category also includes the SBO (Strategic Basic Research) funded by the
Flemish Science Organisation (FWQ) for research at universities, but which is
“Strategic”, i.e., applicants need to demonstrate and are evaluated on whether
their research will have impact/is relevant to industry or society at large.

The other categories are minor. “Research Institutions” is the funding of
specific institutions which have a major “research” component, (such as Zee,
Bos, Kunst, Visserij...): As such they are targeted, but they can still allocate
their budget to projects at the initiative of their investigators.

Overall, this classification has a strong flavor of directionality differentiating
between the categories, but it still leaves considerable heterogeneity with
respect to directionality within the categories.

Interestingly, the Speurgids also contains an identification and analysis of the
income streams for universities:

e 1St stream: 47% base public funding of universities (GUF: 25% research
+ 75% education),

e 2" stream: 14% competitive funding of basic research at research
institutes (FWO, BOF),

e 3rd stream: 18% applied scientific research in partnership with industry
(IOF, most collaborative projects from VLAIO, EU),

e 4" stream: 10% research contracted by industry and/or in collaboration
with industry; this is funded by industry, but this could include public co-
funding; This also includes income from patents and spin-offs,

e Other (like student fees, rents...): 9%.

This classification is also regularly used in other international studies to discuss
any trends in the directness of funding specifically for universities: basic versus
applied research, investigator-driven versus industry-driven, competitive vs
block grants... As this only applies to universities, it is not included in this
report, but it is nevertheless an interesting side-analysis. It shows that in
Flanders the majority of funding for universities remains untargeted.
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Some concluding remarks on “Speurgids”

The “Speurgids”, being a regular, consistent exercise of identifying and
analysing the budget items for science & innovation for Flanders is a very
valuable tool to complement and further detail the GBARD on its directionality
dimension. Not every country provides the same regular and detailed analysis
of its STI public budget. It however, still leaves room for clearly identifying the
directionality dimension.

4.2.3 Zooming in on GBARD for Flanders: VARIO Policy Mix Advice

We next turn to a recent one-time exercise done by VARIO (the independent
advisory council to the Flemish minister for Innovation®) to classify the Flemish
R&I public budget into different components of directionality.

When asked in 2022 by the Flemish Minister of Economy and Innovation, for an
advice on how to develop a policy mix between the traditional bottom-up
channels for Flanders and a more thematic/mission-oriented approach, VARIO
developed a quantitative analysis examining the distribution between thematic
free/bottom-up and thematic directed/top-down Flemish public resources for
R&D. It also included beyond Flemish resources, its share from federal and
European resources.

To analyze trends, the years 2013, 2017 and 2021 were analyzed. To not miss
the very recent trends, the council also mapped the planned budget for 2022. It
also included beyond the recurring R&I public budget, the resources on R&l as
part of the RFF plan for Flanders.™

This exercise is explicitly limited to thematic steering or the earmarking of
resources for specific themes. For this purpose, it mapped the Flemish R&D
resources ranked on a grid from most free/bottom-up/undirected to most
thematic controlled/top-down.

While all non-thematic resources are considered as one category, the directed
category is further subdivided depending on the nature of the chosen direction.

From steering more to steering less, the categories considered are:

e Thematically driven/top-down:
o Innovative Procurement (P1O)
o Policy-supporting research (ECOOM, KVAB, VARIO,...)
o Domain-specific depending on challenge (Al, Cybersecurity,
Moonshot,...)

Swww.vario.be

"0The advice, in Flemish, can be found on https://www.vario.be/nl/publicaties/advies-27-visie-op-
een-goede-beleidsmix-tussen-vrije-thematische-steun-voor-oo
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o Domain-specific depending on area (FWO-Clinical scientific research,
Agricultural research, Botanical Garden, ...)

o Strategic bundling bottom-up & top-down — clusters more demand
driven from industry (Spearhead Clusters)

o Strategic bundling bottom-up & top-down: Strategic Research Centers
(SOCs) (IMEC, VIB, VITO, Make);

¢ Non-thematic/free/undirected/bottom-up (FWO fundamental, VLAIO R&D
grants to firms.

For thematically driven/top-down categories, the Flemish Government has a
directive role, at least to some extent. However, not all thematic resources are
directed towards a specific policy objective. This is only the case for the
categories 'domain-specific i.f.o. a challenge” and for “public procurement”.
This illustrates that “thematically directed” and “mission oriented” and
“transition oriented” are not synonyms and that there is quite some
heterogeneity into the direction of “directionality”.

4.2.3.1 Recurrent Budget

We first present the trends in the share of the categories in the total recurring
budget. Overall, Fig 4.1 shows that despite the many directed programs, the
majority of the Flemish public R&! budget is still spent undirectedly. Among the
directed categories, the major budget is spent on SOCs (Strategic Research
Centers) (IMEC, VIB, VITO, MAKE). The category “domain-specific depending
on challenge” and/or “area” are still modest in the Flemish portfolio.

When looking at the trends, there are no major shifts over time. Yet, the
dominant share for undirected funds seems to slowly shrink, while the share of
the directed towards policy challenge has recently gained in shares in the
recurring budget. This holds even more so, when looking at the non-recurring
RFF spending (see 4.2.3.2). In the one-time RFF budget efforts, the
overwhelming majority went to the latter category. If this marks the start of a
trend towards new future spending for these categories, the balance in the
future recurrent budget might soon shift towards a majority of directed
spending, and particularly directed towards challenges.
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Fig 4.1: Undirected/Free and Total/All Flemish recurring public R&l budget.
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Figure 4.2: Share in total Flemish recurring public R&l budget by directionality
categories.
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We next discuss in detail the different directionality categories:

i. Category: Undirected/free/bottom-up

Table 4.1: Undirected Flemish R&l budget items

Undirected/Free
of which as major programs

2013
860,01

2017
1034,82

2021
1299,15

FWO - competitive basic research funding 160,97 277,71 346,53
GUF (Research) 205,00 217,59 244,70
BOF-Research Funds for Universities (KPIs) 156,02 170,83 222,20
VLAIO- Corporate R&D subsidies 0&0O 135,26 147,98 201,10
FWO - Comp strategic basic research 71,40 69,74 73,62
I0F-Industrial Research Funds Universities 19,25 32,60 52,40
Baekeland PhD scholarships @ industry 4,30 7,75 16,80
COOCK (Collective R&D Centers) 5,50 9,60
TETRA (TechTransfer - practice oriented research) 8,57 9,59 9,60

Source: based on VARIO, Advice 27, 2022 (mill euro)

The “FWO competitive basic research funding” (line 1) is the largest post in
2021. Its total budget is allocated to the different scientific domains because of
the total number of proposals from each scientific domain (to equalize success
rates). Within each scientific domain, the allocation is done on the basis of
scientific excellence only, as assessed by scientific panels and external
experts. This budget can therefore be considered as purely bottom-up and
undirected in terms of government objectives.

The research part of “General University Funds (GUF)” (line 2) and BOF (line
3) are the base funding for research at HEI, where the latter is also allocated to
the universities based on a key that measures their relative performance. There
are no directions imposed by the government on the use of these funds.
Universities can apply their own (thematic) priorities in the internal distribution
of resources.

The other items (FWO-SBO, I0F, Baekeland, COOCK and Tetra) are programs
designed to improve the use of research in industry, with FWO-SBO and IOF
funding allocated to universities for this objective. As this “use” remains
unspecified by the programs and is left to the bottom-up process of
applications, these categories are still classified into “free”. VARIO assumes
that this is so broadly thematic that it does not have a restrictive effect on the
freedom of choice. This is why FWO-SBO (Strategic Basic Research) is for
VARIO still free/undirected (while it was considered as directed in the
Speurgids (cf supra). In the GBARD SBO would also be included in NABS 12
and thus be classified as undirected.

The “free” budget items sometimes finance initiatives that were top-down
chosen around specific themes. VARIO calls this 'hidden' thematic resources.
The two COVID-19 calls from the FWO for 2020, with an extra budget of 2.5
million euros, are included in the budget item FWO, under the heading of
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fundamental research and thus undirected. At VLAIO there is the example of
the IPCEI batteries for which budgets were allocated from the untargeted R&D
company support. The Frank De Winne SBO fellowships at the FWO, awarded
in 2021, are also examples of thematic resources within bottom-up channels,
as these are dedicated to Space. The same applies to the SBO projects of the
FWO in the context of the bio-economy action plan. COOCK and TETRA are
two small items, focused on supporting the transfer knowledge from
universities, which are mainly free, but they also have thematic calls, such as
for circular economy or care.

All this illustrates the large “grey” area of mixed directness and the need for
further disaggregating budget items to fully identify the directionality of public
R&I budgets.

ii. Category: Strategic bundling bottom-up& top-down: Strategic Research
Centers (SOCs)

This is the first category of the thematic resources. It covers the Flemish public
funding for the Strategic Research Centers (SOCs). Among the “directed”
categories, it is the least directed.

Each SOC focuses on a specific technology/theme/domain that (that) Flanders
considered strategic. The four SOCs are IMEC (nano- and digital technology),
VITO (cleantech and sustainable development), VIB (life sciences) and
Flanders Make (manufacturing industry). The SOCs have risen from R&l
strengths that have grown bottom-up and for which the government has made
the strategic choice to support these specific domains in their building of critical
scale to obtain international leadership. The SOCs were seen as a policy lever
providing a bridging function between the frontier of fundamental research and
applied research in their area.

Through the covenants of these SOCs, in which the mutual rights and
obligations are laid down for several years, the Flemish government directs the
SOCs via its KPIs, which are focused on research excellence and valorisation,
but not thematic. The SOCs maintain a large degree of thematic freedom,
which is why this group is considered “mixed” in terms of directionality.

As table 4.2 show, the SOCs are a budget item that have grown considerably

over time, faster than other parts of the budget, leaving an increasing share for
this category in the total public R&l budget (cf Fig 4.1).

32



Table 4.2: Directed Flemish R&l budget items: Strategic Research Centers
(SOCs)

Strategic bundling bottom-up/top-down: SOCs 194,67 262,41 278,22
IMEC & iMinds 96,01 109,23 111,60
VIB 45,06 61,43 61,40
VITO 46,70 54,15 55,82
Flanders Make - 21,50 38,60

Source: based on VARIO, Advice 27, 2022 (mill euro)

ii.  Category: Strategic bundling bottom-up & top-down — clusters driven by
companies.

This category within the thematically driven resources contains the resources
for the Flemish cluster policy, which consists since 2016 of the spearhead
clusters and the innovative corporate networks (IBN).

Clusters are expected to play a role in societal challenges and specifically in
the selected transition domains (cf supra). The spearhead clusters are in line
with domains that have been chosen by the government as strategic and for
which no SOCs exist. These are large-scale PPP initiatives that involve a
partnership between companies, knowledge institutions and government, and
develop and implement a long-term strategy and competitiveness program.
There are seven spearhead clusters:

1. Catalisti (chemistry and plastics),

2. Flanders' Food (food),

3. Flux (energy),

4. SIM (materials),

5. VIL (logistics),

6. The blue cluster (sustainable economic activities at sea)

7. Flanders health (health care).
The Flemish cluster policy comprises, in addition to the seven spearhead
clusters, about 20 IBNs. They arise more bottom-up and are still small scale
compared to the spearhead clusters.
The activities of these initiatives should, on the one hand, be
technologically/scientifically 'state of the art', but on the other hand also deliver

applicable results for the companies involved, leading to economic valorisation
in their respective areas.

33



Overall, this category is increasing over time, but still small (from 58m in 2017
to 75m in 2021). The spearhead clusters each have a budget of 8 million euros
for which they can fund projects. These projects are selected by the clusters
themselves, which is why this group is considered mixed in terms of
directionality. While there are earmarked resources for the spearhead clusters
for 2017 and 2021, this is not the case for IBNs, who receive very limited
funding (max. 150000 euros per year for three years, only for their operation).
They can choose how to use these funds, for instance to fund academic
research.

iv.  Category: Domain-specific

The next category of thematic research is domain-specific research. This
bundles research within certain domains or disciplines, that does not fit into a
SOC or spearhead cluster. This includes as major budget items: Plantentuin
(Botanical Garden) in Meise, FWO Clinical Research, Agricultural Research,
FWO Supercomputer Infrastructure, FWO International Research Infrastructure
participation, Sea activities; This category also includes Flemish R&D
resources from policy areas other than EWI and Education and Training (O&V),
which are used for research that can be domain specific. This also covers
resources for Flemish scientific institutions not otherwise classified (VWIs),
departmental services or Flemish Public Institutions (most notably for
Agriculture, Fish, Food, Forest).

Overall, this is a relatively small category, representing EUR156m in 2021, but
growing over time (EUR113m in 2017).

v.  Category: Domain-specific i.f.o. challenge

Compared to the category ‘domain-specific’, ‘domain-specific i.f.o challenge'
have an additional element, namely that the programs are directed towards
specific challenges. ‘Domain-specific i.f.o. challenge” is the most recent
category including typical mission-oriented initiatives. Before 2021, there were
hardly any resources or initiatives in this category. The challenges covered are
all closely related to the twin green and digital transition objective of the EU.
Next to the CO2 neutral Moonshot, there are also the programs for Artificial
Intelligence and Cybersecurity.

The CO2 neutral Moonshot is the clearest example of a mission-oriented
program. It has as objective: “The Flemish industry will be carbon circular and
low in CO2 in 2050 through the development of market-ready innovative
technologies in Flanders by 2040”. Although Moonshot can be rated high on the
thematically driven/top-down axis, it nevertheless also has an important
bottom-up component, as the initiative came about through a top-down choice
for bottom-up ideas. It thus reflects the hybrid interactive directionality
dimension of transformative, mission-oriented R&I policies (Kattel & Mazzucato
(2018)).
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VARIO also includes the Flemish participation in ERA-nets in this category, as
they fit into the EU challenges selection (NB: The Speurgids includes them in
strategic basic research). Also, the participation (and co-funding by VLAIO) in
European networks is included here. The amounts for this include granted
support for thematic networks, supported within R&D business projects.
Projects included are ERA, Eureka and art. 185 and 187.

Table 4.3: Directed Flemish R&l budget items: Strategic Research Centers
(SOCs)

2013 2017 2021
Domain specific ifo a specific challenge 18,20 33,70 93,10
of which as major programs
Moonshot Vlaanderen CO2-neutral - - 20,00
Artificiéle Intelligence Plan - - 19,50
Cybersecurity Plan - - 16,40
FWO-ERA 2,70 5,44 11,75
VLAIO European networks 8,40 12,30 5,90
Impulsprogram innovation in health - - 6,00
Test Gardens City of Things en Industrie 4.0 - 8,00 3,60
Energyresearch: via Energyville - - 3,00
Water research & Innovation: via vito - - 3,00
Regenerative Medical - 4,00 2,90
Vlaanderen Circulair - - 1,00

Source: based on VARIO, Advice 27, 2022 (mill euro)

vi.  Category: Policy support research

This category is rated as strongly directed within the thematic category, as it is
research directly aimed at answering specific policy questions. All policy areas,
not only EWI, finance such research. Overall, this subcategory is only minor,
representing EUR31m in 2021, and not growing.

Vii. Category: Innovative Procurement

The last category is Innovative Procurement, which can be considered as
perhaps the most directed. It differs however from the other categories within
the thematic directed resources by its means of financing. In innovation-
oriented public procurement the government issues a contract for a new type of
product such as a solution to a specific problem.

The Innovative Public Procurement Program (PIO) of the EWI Department
started in 2016. All organizations in Flanders that must comply with the law on
government contracts can contact the PIO for advice, guidance and co-
financing when they want to procure innovatively. Priority goes to the transition
domains from Vision 2050 (cf supra), but no sector or domain is excluded. With
EUR3.8m in 2021, PIO represents only a small portion of all public
procurement, which overall would be an annual 30 to 40 billion euros.

35



4.2.3.2 Resilience Recovery Budget

In September 2021, the Flemish Government presented a 'Flemish Resilience'
recovery plan after corona, worth € 4.3 billion, partly funded from European
resources (RFF), partly through Flemish debt creation.

In order to benefit from European funds, the plan needed to address as closely
as possible the challenges in the context of the European Semester 2019 and
2020 country-specific recommendations, a contribution to the green and digital
transition, resp 37% and 20% of the resources and to take into account the
principle of ‘do no significant harm’.

The following table summarizes the relevant budgets for R&l from the EWI
Department from the Flemish recovery plan. In total, this covered 631 million
euros from the total envelope of 4.3 billion euros.

It is striking that the R&l resilience resources almost exclusively fall in the
“directed” categories and mostly into the specific i.f.o0. challenges, sustainability
(in the narrow sense of climate and environment), digital and health. This is
not surprising given the requirements associated with European resources (see
above). From the EURG62m allocated for undirected R&D support for
companies, a substantial part is projected to go to the hydrogen IPCEI which
means an even larger share of directed resources in the Recovery plan.

Table 4.4: Directed R&l budget items in the Flemish Recovery Budget

2021-2023 Categorie ifv bottom up - top down
Strengthening corporate R&D (VLAIO) subsidies 62 undirected
Imec: expansion clean room (40 mio €) en 2de Xpand Fonds (30 mio €) 70 strategic bundeling bottom up & top down (SOCs)
Investment IPCEI Hydrogen 125 domainspecific i.f.o0. challenge
Strengthening corporate R&D - IPCEI Micro-elektronics 20 domainspecific i.f.o0. challenge
Action plan bio-economics 20 domainspecific i.f.o. challenge
Smart Cities 20 domainspecific i.f.o0. challenge
Circular economy 25 domainspecific i.f.o. challenge
Strengthening Research Infrastructure - sustainability, digital, health 100 domainspecific i.f.o. challenge
Strengthening research & accelerating R&D - sustainability, digital, health 60 domainspecific i.f.o. challenge
Other domainspecific ifv challenge 44 domainspecific i.f.o. challenge
TOTAL 641

Source: based on VARIO, Advice 27, 2022 (mill euro)

The main findings on trends in directionality in the Flemish public R&I budget
from the VARIO exercise can be summarized as follows:

e In support of the Flemish government ambition to reach the 1% target for
public R&D funding as % of GDP and its ambition for Flanders to be in the Top
5 of most innovative regions in the EU, all categories of Flemish public R&l
resources have grown in absolute terms over the considered period (2016-
2022).

o With approximately 66 to 70% of the total, undirected resources represent the

largest part and continue to do so over the time period considered. There is
however a slight decrease in the share for undirected resources more recently.
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e Among the directed resources, the largest and growing component is the
category of Strategic Research Centers, which includes IMEC for nano-
electronics, VIB for biomedical, VITO for green and MAKE for Industry 4.0.
While these centers have as objective to build internationally leading research
capacity and to bridge their top research into applications in their domains,
they still retain a high level of “freedom” to select their activities.

e A very recent category is 'domain-specific in function of a challenge’, reflecting
more closely a mission-orientation. It includes the CO2 Neutral Moonshot
(2019), the Policy Plan for Artificial Intelligence (2019) and the Cybersecurity
Policy Plan (2019).

e The step up in R&D resources for 2022 and the recovery plan is mainly top-
down, directed to the domains prescribed by the EU. The post-recovery strong
top-down emphasis could be a harbinger of a future of more mission and
transformation orientation in its R&I policy, if these trends persist.

4.2.4 Lessons learned from the micro-perspective for assessing and
categorizing directionality in public R&l funding

Any exercise of classification involves making imperfect choices. The most
important distinction is between the thematic/directed/top-down and the non-
thematic/free/bottom-up resources. While it is usually quite clear which major
budget items are mostly free or not, such as the base research funds to HEI
and PRO, and the general subsidy schemes to companies, there is often a gray
zone where the classification into directed and non-directed is up for
discussion. For example, research funding organisations, like FWO, can do
specific calls or have their selection of funds depending on demonstrating
impact on society. The thematic/directed can also seep into the free channels,
for example because researchers from SOCs (like IMEC and VIB) can also
submit applications to FWO.

Further categorizing the directed resources in subcategories, depending on the
intensity of direction, is not impossible, but not easy. There are many hybrid
programs, where the differences in intensity of directionality between the
various categories are not clear.

What is more doable and relevant, is further differentiating depending on the
nature of the directionality, such as selections for certain domains,
technologies, S&T areas and/or for specific challenges and missions.

Further categorizing the programs from the directed categories, by the nature
of the direction, requires more information on the design of the programs. The
VARIO exercise shows that this is albeit time-consuming, nevertheless an
achievable and relevant effort, as this seems to be where shifts are occurring,
reflecting a more challenge/mission driven approach of the Flemish
government.
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With extensive gray zones and hybrid programs, various educated guesses
have to be made to classify budget items by the nature of their directionality.
This requires a close and in-depth analysis, going beyond the screening of
publicly disseminated program documentation (if available at all). The VARIO
exercise shows the importance of having a well-designed and open database of
budget items and program descriptions available for this exercise, but also, as
not all program information is codified, of being “close” but also sufficiently
“‘external” from the various administrative units and stakeholders that are
involved in the programs. It is not clear whether this exercise can be done at
the same level of precision, when done by more distant external officers. A
partnership with local officers seems advisable.

And finally, the Flemish exercise also flagged the importance of not only
looking at recurrent R&l budgets, but also more broader policy plans and
associated budget, irrespective of whether they are recurrent or not, as was/is
the case for the Resilience Recovery Budget.

4.3 Other approaches for zooming in on countries R&I programs

As already stated supra, EU-OECD STIP Compass and the R&l Policy Support
Facility can also provide information on R&l policies that can be used for the
directionality classification exercise. The VARIO exercise for Flanders tried to use
this information. Although useful, the information was still at the time of the
exercise quite incomplete and did not cover all the relevant programs. Particularly
the information on the budgets allocated to the programs is not well covered. And
for the programs for which a description was available, this information contained a
wide area of characteristics, but did not always contain enough information to
identify the degree and direction of directionality.

Web scraping of R&l programs can also be considered for a directionality
classification exercise. Information available on the web regarding R&l programs
and budgets can be scraped and then analysed according to their directionality.
Ideally such an approach uses text mining algorithms to process the potentially
large amount of information. @ Such an approach requires developing a
directionality vocabulary for such algorithms to classify policy documents on
directionality, its intensity and its nature.

Insights from the Flanders case suggests that the documents characterizing
programs are not always systemically publicly available on the official websites
and therefore not available (i) as training sets for developing directionality text
mining algorithms and (ii) to be classified by such algorithms. Furthermore, the
availability of information of programs on the web differs over time. While most
likely to be better covered at the start of the program in policy announcements,
trends and changes in the program, including in its budgets allocated, are less
covered.

38



The call for more transformative R&I policies to deliver on EU’s grand challenges,
especially the twin green and digital transition, is overwhelming in EC and Member
States recent policy documents. A key characteristic of transformative R&I policies
is directionality. How this call for more directionality as part of transformative R&I
policies, is reflected in actual policy implementation remains however unclear.
Despite the high relevance of being able to assess the extent and impact of
directionality in R&l policies, there is as yet relatively little systematic analysis of
this, impeded by a lack of data.

What is needed is detailed information on R&I programs to classify them according
to their directionality and to link these R&l programs to budget information. This
report presented a macro-micro approach to address this challenge, with the micro
and macro level complementing each other.

e The micro approach allows to identify better the multitude/heterogeneity in
types of directionality; but also other characteristics that may be important
to determine performance, such as the governance of the program, its fit
with other policy instruments, its risk taking/experimentation, its multi-actor
involvement

e The macro approach allows to identify the importance of the portfolio
approach, link with other programs and instruments; link with other layers
of policy (regional/national/EU) An analysis of performance of programs at
the macro level allows to assess heterogeneity in performance across
countries and time and to link this heterogeneity in performance to
heterogeneity in design and to check the role of complementary policy
instruments (such as regulation, well-functioning product, capital and
labour markets) for success.

While the micro-level may already in itself be a highly informative exercise on
directionality trends in the composition of portfolio of instruments for a given region
or country, the macro-level allows for comparative analysis of the trends and
impact of directionality across countries, and for a more full-blown analysis of
impact. For this, the macro-level requires high quality information on directionality
and its budget size and this comparable across time and countries. This calls for
the micro-level of analysis into the specific programs and their associated budgets
as highly relevant complement to the macro-approach.  For this complementary
to play out, it requires a standardized micro-level approach, providing
comparability of the information across countries and time for complementing the
macro-approach.

The macro-approach is based on the OECD/EUROSTAT GBARD data which
allows to classify public R&l budget by objectives, using the NABS classification.
The micro-approach proposed uses an in-depth analysis of budget items and R&l
programs, illustrated for Flanders as case.
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While the exercise has shown the feasibility of assessing the evidence on
directionality across countries and time with a macro-micro approach, it also
highlights some challenges.

A first challenge is the availability of data on program characteristics and
corresponding budgets, which is comparable across countries (intra- and
extra EU) and over time.

For trends, programs need to be assessed not only at the start, but also
continuously updated as programs change over time.

The data needs to be up to date. As the shift towards more transformative
R&l policies is still new and recent, it is particularly important to have
recent information, to pick up emerging trends quickly.

Recommendations for the macro-part:

GBARD is currently the macro-data that comes closest to being timely and
relevant for classification by directionality to policy objectives. But it is not
perfect, and will need to be further fine-tuned:

o Allow for allocation of programs to multiple NABS (possibly
fractioned),

o Further disaggregate the INDUSTRIAL NABS by sector,

o Disentangle the TRANSPORT, TELECOM, INFRASTRUCTURE to
be better able to identify digital objectives and the mobility sector, a
key sector in the EU economy,

o For ENERGY: the alignment between IAE and GBARD should be
further explored, at least for the R&D part,

o Beyond the multiple classification of programs to NABS classes, in
view of the importance of the twin green & digital transition, flag the
green/clean and digital components across all directed NABS
codes, but especially INDUSTRIAL, TRANSPORT, ENERGY.

Although beyond the current perimeter of GBARD, from a perspective of
assessing directionality in full, it would be recommendable to extend the
perimeter beyond direct support (grants), to also other support: tax credits,
loans, procurement, to extend beyond R&D, to include Deployment and
beyond; and to include also EU funds received such as RFF, Cohesion
policy and other budgets at least for their R&D&D relevant part:

Useful complements to GBARD, particularly providing further information

on the identification of programs, can and should be considered,
particularly:
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o Official EU database projects like the EU-OECD STIP Compass (cf
supra) and the PSF. These can not only complement the
information on program characteristics for GBARD, but they can
also be helpful to provide a higher level of granularity that would
allow for better allocation of budgets/investments into different
categories.

o EU State Aid Scoreboard for the R&l programs with the private
sector as beneficiary.  This data source, although confined to
private sector beneficiaries, can provide complementary
information on budgets for these types of instruments. In addition,
this data source also has access to the program documents.

o Web-based available information on programs.

e Use of text mining can help to classify large-scale textual information of
program descriptions; Expert knowledge will be necessary (i) to train the
text mining algorithm for identifying directionality; and (i) to
complement/check the results from these algorithms.

Recommendations for the micro-part

When deeper diving into classifying budget items in a micro-analysis for a country,
various classification schemes have been looked at in this report for a taxonomy of
directness. It is particularly difficult to classify the directed classes based on their
intensity of directionally.  While it is more or less clear which programs are
basically undirected, such as the funding for universities, many programs are
mixed, combining some level of direction while leaving still substantial degrees of
freedom to the recipients. More straightforward is to classify directionality
according to the nature of the directionality, such as selections for certain domains,
technologies, S&T areas and/or for specific challenges and missions. The VARIO
exercise shows that this is a time-consuming, but nevertheless a doable and
relevant exercise, as this seems to be where recent shifts are occurring, reflecting
a more challenge/mission/transformation driven approach of innovation policy.

The following seems a relevant and achievable taxonomy:

o undirected/free basic research,
= with HEI-PRO as recipients;
= other
o undirected/free applied research and development,
= with Business as recipients;
= other
o Directed: Strategic research programs to bring research faster and
closer to applications of relevance for society
=  With PROs as recipients;
= Clusters; Networks; PPPs
= Other: eg mobility scholarships
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o Directed: in function of area/technology/value chains considered to
be strategic:
= E.g., hydrogen, batteries, chips, cybersecurity, ...
o Directed in function of policy challenge: mission-oriented programs.
= eg CO2 neutral
o Directed: innovative procurement
o Other NEC:
= To economize on efforts, this case, if small, (like it currently
is in Flanders), can remain aggregate. In case this
miscellaneous group is large and rapidly changing over
time, it may need to be further disaggregated.
Each of the directed categories should be linked to policy objectives (link to
NABS classes, allowing for multiple classes

A final general recommendation:

The exercise has revealed a large share of hybrid and grey cases with respect to
directionality. Nothing is completely free; nothing is completely directed. Free
resources, without being directed, can also contribute to top-down objectives.
Directed resources often build on knowledge built from undirected bottom-up
resources. Any type of taxonomy, including the recommended one, even when
executed as good as possible, is likely to be imperfect.

It is therefore recommended to:

o

Maximally aim for improving the quality and up to date nature of
information on the design and budgets of the programs.

Acknowledge that various educated guesses have to be made. While they
cannot be avoided, they should be clearly documented and tested on
sensitivity.

Classify the grey area, identify hybrid cases, different types of hybrid
cases, as the proposed taxonomy includes.

Allow for programs to be allocated to multiple categories (fractional if
possible)

Complement the large-scale screening of publicly disseminated program
documentation (if available at all), with an in-depth analysis by experts that
are “close” but also sufficiently “external” from the various administrative
units and stakeholders that are involved in the programs. What seems
most advisable, is to develop an EU-wide micro-macro taxonomy approach
in close partnership with local officers.

Treat the results with caution, within confidence intervals.
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1. Annex: The GBARD data

GBARD data are derived from national R&D budgets and are supplied by national
statistical agencies to the Secretariat via an OECD/Eurostat co-ordinated
collection.

GBARD reflects budgeted amounts, not actual expenditures.

GBARD covers not only government-financed R&D performed in government
establishments but also government-financed R&D in the other three national
sectors (business enterprise, private non-profit, higher education) as well as Rest
of the world (including international organisations)

GBARD data are allocated to socio economic objectives on the basis of intentions
at the time the funds are committed and not the actual content of the projects
concerned. These breakdowns reflect policies at a given moment in time.

The following table presents data on Government appropriations or outlays for RD
(GBARD) by socio-economic objective (SEO), using the NABS 2007 classification.

NABS 1 Exploration and exploitation of the Earth

NABS 2 Environment

NABS 3 Exploration and exploitation of space

NABS 4 Transport, telecommunication and other
infrastructures

NABS 5 Energy

NABS 6 Industrial Production and technology

NABS 7 Health

NABS 8 Agriculture

NABS 9 Education

NABS 10 Culture, recreation religion and mass
media

NABS 11 Political and social systems, structures and
processes
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NABS 12 General advancement of knowledge : R&D
financed from General University Funds
(GUF)*

NABS 13 General advancement of knowledge : R&D
financed from other sources than GUF

NABS 14 Defence

Note: General University Funds: The estimated R&D content of "block
grants" paid by government to the Higher Education sector:

Exploration and exploitation of the Earth
This SEO covers funds for R&D with objectives related to the exploration of
the Earth’s crust and mantle, seas, oceans and atmosphere, as well as for
R&D on their exploitation. It also includes climatic and meteorological
research, polar exploration and hydrology.

Environment
This SEO covers R&D aimed at improving the control of pollution The
development of monitoring facilities for the measurement of all kinds of
pollution is included, as is R&D for the elimination and prevention of all
forms of pollution in all types of environments.

Exploration and exploitation of space
This SEO covers all civil space R&D relating to the scientific exploration of
space, space laboratories, space travel and launch systems. This chapter
does not include corresponding R&D for defense purposes, which is
covered in SEO14.

Transport, telecommunication and other infrastructures
This SEO covers R&D aimed at infrastructure and land development,
including the construction of buildings. This SEO also includes R&D related
to transport systems; telecommunication systems; general planning of land
use; the construction and planning of buildings; civil engineering; and water
supply.

Energy
This SEO covers R&D aimed at improving the production, storage,
transportation, distribution and rational use of all forms of energy. It also
includes R&D on processes designed to increase the efficiency of energy
production and distribution, and the study of energy conservation.
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10.

11.

12.

13.

Industrial production and technology
This SEO covers R&D aimed at the improvement of industrial production
and technology, including R&D on industrial products and their
manufacturing processes, except where they form an integral part of the
pursuit of other objectives (e.g., defense, space, energy, agriculture).

Health
This SEO covers R&D aimed at protecting, promoting and restoring human
health broadly interpreted to include health aspects of nutrition and food
hygiene. It ranges from preventive medicine, all aspects of medical and
surgical treatment, and the provision of hospital and home care.

Agriculture
This SEO covers all R&D aimed at the promotion of agriculture, forestry,
fisheries and foodstuff production, or furthering knowledge on chemical
fertilizers, biocides, biological pest control and the mechanization of
agriculture, as well as concerning the impact of agricultural and forestry
activities on the environment. This also covers R&D aimed at improving
food productivity and technology.

Education
This SEO includes R&D aimed at supporting general or special education.

Culture, recreation, religion and mass media
This SEO includes R&D aimed at improving the understanding of social
phenomena related to cultural activities, religion and leisure activities. This
SEO also includes R&D related to recreational and sporting services;
cultural services; broadcasting and publishing services; and religious and
other community services.

Political and social systems, structures and processes
This SEO includes R&D aimed at improving the understanding of and
supporting the political structure of society; public administration issues
and economic policy; regional studies and multi-level governance
be social change, social processes, gender-related social studies, poverty.

General advancement of knowledge: R&D financed from general university
funds
This SEO includes all R&D financed from general purpose grants from
ministries of education. A supplementary breakdown by top level fields of
research and development is also available.

General advancement of knowledge: R&D financed from sources other than
GUF
This SEO covers all those budget allocations that are earmarked for R&D
but which cannot be attributed to an objective and are financed by sources
other than GUF.
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14. Defence

This SEO covers R&D for military purposes. It may also include basic
research and nuclear and space research when financed by ministries of
defence.

While NABS 12 & 13 are considered to be aimed at general advancement of
knowledge and therefore untargeted, all other NABS categories are targeted to the
listed specific objectives.

GBARD statistics are currently available for EU Member States, EFTA countries
and Candidate Countries, Japan, the United States and South Korea. Eurostat
also calculates and disseminates aggregates at the EU and EA levels (EU Member
States and Euro Area States).

At OECD available for all OECD countries, i.e. Australia, Austria, Belgium,
Canada, Chile, Colombia, the Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Israel, ltaly, Japan, Korea, Latvia,
Lithuania, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland,
Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the
United Kingdom, and the United States. And selected non-OECD countries:
Romania, Russia, Taiwan.

Eurostat's GBARD database contains national data from 1980 onwards. The most
recent year availableat the drafting of this report is 2021.

Differences between energy GBARD and IEA RD&D data

For energy an often-used source are the special series collected and issued by the
International Energy Agency (IEA) of the OECD, which covers energy research,
development and demonstration expenditures, or “RD&D”, a somewhat broader
concept than the Frascati concept of R&D. A major difference is that the IEA
includes demonstration projects when collecting R&D budget data, quite often an
important part of the development of new energy technologies and an important
part of the total RD&D budget. Demonstration is defined by the IEA as the design,
construction and operation of a prototype of a technology at or near commercial
scale with the purpose of providing technical, economic and environmental
information to industrialists, financiers, regulators and policy makers.

48



2. Annex: Analysis of trends in GBARD data

The following series of graphs show an analysis of trends in GBARD by NABS for EU Member
States and selected non-EU countries. It is based on data extracted on 20/2/2023 from ESTAT:
GBARD by socioeconomic objectives NABS 007 (GBA_NABSFINO7)
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Fig 1.2. Trends in Total GBARD in EU-27 as % of GDP
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Fig 1.3 Trends in GBARD as % of GDP: EU vs non-EU
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Fig 2.1. Trends in General (NABS 12&13) and Total GBARD (NABS 1-13)
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Fig 2.2. Trends of Share of “General” in total GBARD in the EU
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Fig 2.3. Recent trends in share of “general” in GBARD in EU and non-EU
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Fig 2.4. Trends of Share of “General” in total GBARD in major EU member states
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Fig 2.5. Recent trends in share of “general” in GBARD in all EU Member States
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Fig 3.1. Trends in GBARD by NABS classification in the EU-27
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Fig 3.2. Trends in Share of “objectives” in total targeted GBARD in the EU-27
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Fig 4.1. Recent trends in share of Defense in GBARD: EU vs non-EU
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Fig 4.2. Recent trends in share of Defense in GBARD: EU Member States
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Fig 4.3. Recent trends in share of Space in GBARD: EU vs non-EU
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Fig 4.4. Recent trends in share of Space in GBARD: EU Member States
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Fig 4.5. [RECSHBMENES in share of Energy in GBARD: EU Member States
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Fig 4.6. Recent trends in share of Energy in GBARD: EU vs non-EU
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Fig 4.7. Recent trends in share of Environment in GBARD: EU vs non-EU
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Fig 4.8. Recent trends in share of Environment in GBARD: EU vs non-EU
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Fig 4.9 Recent trends in share of Industrial in GBARD: EU Member States
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Note: This NABS covers R&D aimed at the improvement of industrial production and technology,
including R&D on industrial products and their manufacturing processes, except where they form
an integral part of the pursuit of other objectives (e.g. defence, space, energy, agriculture).
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Fig 4.10 Recent trends in share of Industrial in GBARD: EU vs non-EU
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Fig 4.11 Recent trends in share of Transport & Telecom in GBARD: EU Member States
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Fig 4.12 Recent trends in share of Transport & Telecom in GBARD: EU vs non-EU
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Fig 4.13 Recent trends in share of Health in GBARD: EU Member States
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Fig 4.13 Recent trends in share of Health in GBARD: EU vs non-EU
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GETTING IN TOUCH WITH THE EU

In person
All over the European Union there are hundreds of Europe Direct centres. You can find the address of
the centre nearest you online (european-union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing
Europe Direct is a service that answers your questions about the European Union.
You can contact this service:

- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
- at the following standard number: +32 22999696,
- via the following form: european-union.europa.eu/contact-eu/write-us _en.

FINDING INFORMATION ABOUT THE EU

Online
Information about the European Union in all the official languages of the EU is available on the Europa
website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free
publications can be obtained by contacting Europe Direct or your local documentation centre
(european-union.europa.eu/contact-eu/meet-us en).

EU law and related documents
For access to legal information from the EU, including all EU law since 1951 in all the official language
versions, go to EUR-Lex (eur-lex.europa.eu).

EU open data

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and
agencies. These can be downloaded and reused for free, for both commercial and non-commercial
purposes. The portal also provides access to a wealth of datasets from European countries.



https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/write-us_en
https://european-union.europa.eu/index_en
https://op.europa.eu/en/publications
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The concept of directionality, guiding R&l projects towards
transformative change, is a key feature of a transformative
research and Innovation policy. This report proposes a
framework aiming to assess the use of directionality in
national R&l systems across the EU. It adopts a dual
approach: a macro perspective using publicly available
datasets, and a micro-level approach focusing on specific
programs, with Flanders as an example.

This combination aims to create a methodology for the
development of a taxonomy framework for assessing R&l
policy directionality in the EU and beyond, and outlines the
limitations and strengths of this approach.
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